RESULTS AND DISCUSSION

Climatic conditions:
The THI values clearly indicated that rabbits were exposed to severe heat stress according to estimated THI units 29.14 ( Table 1) . It was suggested that the optimal temperature humidity index for the rabbit husbandry is 27.8 (Marai et al., 2002) . Table 1 . Averages of ambient temperature (AT °C ), relative humidity (RH %) and temperature humidity index (THI units) during the experimental period
1-Growth performance:
Results in Table 2 showed significant (P≤0.05) increases in FBW, BWG and significant (P≤0.05) improve in FCR in all treated groups compared with control one. Group R4 recorded the heavier FBW and BWG followed by R1, R2, R3 and R5 respectively at the end of experiment. Also, treated groups had the best FCR while, control group recorded decline all observation. Results are in agreement with Selim Nessrin et al., (2012) Table 2 . Growth performance (Mean± S.E) of APRI line rabbits as affected by feeding basal diet supplemented with zinc and betaine
Means bearing different litter (a, b, c, d ) superscripts in the same row differ significantly (P≤0.05). C = Control, R1 = Basal diet±100 mg zinc, R2 = Basal diet±160 mg betaine, R3 = Basal diet±320 mg, R4 = Basal diet±100 mg zinc+160 mg betaine, R5 = Basal diet±100 mg zinc+320 mg betaine/kg diet, IBW= Intial body weight, FBW= Final body weights, BWG= Body weights gain, FI= Feed intake, FCR= Feed conversion ratio. Chrastinov et al., (2016) who reported that supplementation of zinc to rabbit diet lead to improving in BWG, FCR and FI. The degree of fermentation in the digestive tract of monogastric animals affected by dietary betaine supplementation, that increase the contractile activity of the duodenal smooth muscle cells leads to increase is associated with enhanced pancreatic secretion and digest mixing (Puchala et al., 1998) . However, the influence of betaine on intestinal muscle cell activity seems to be dose-dependent with higher levels reducing muscle-cell activity, thus possibly decreasing the absorption capacity of the duodenum (Puchala et al., 1998) . The positive effect of adding betaine may due to support intestinal growth and function, betaine may has an accumulation results in an increased water-binding capacity of the intestinal cells and promotes changes in the structure of the gut epithelium and enhanced gut strength.
2-Carcass characteristics:
Supplementation with zinc and betaine continuously after weaning till 84 days of age increased significantly (P≤0.05) dressing and testes percentages in respect to the control group (Table 3) . While, R2, R3 and R4 were recorded high significant (P≤0.05) improved in dressing percentage. Table 3 . Carcass characteristics of APRI line rabbits as affected by feeding basal diet supplemented with zinc and betaine
Items
Means bearing different litter (a, b, c, d ) superscripts in the same row differ significantly (P≤0.05). C = Control, R1 = Basal diet±100 mg zinc, R2 = Basal diet±160 mg betaine, R3 = Basal diet±320 mg, R4 = Basal diet±100 mg zinc+160 mg betaine, R5 = Basal diet±100 mg zinc+320 mg betaine/kg diet, IBW= Intial body weight, FBW= Final body weights, BWG= Body weights gain, FI= Feed intake, FCR= Feed conversion ratio. Dressing (%) = Carcass (%) + Giblets% ( HEART+Liver+Kidney)
The liver percentage increased (P≤0.05) due to the heat stress in control group (C). Supplemented zinc and betaine reduced (P≤0.05) the pancreas, heart, liver and lungs percentages compared with control group.
Results are agreed with Younas et al., (2015) who showed that zinc improved the hemoglobin in rabbits. El Hendy et al., (2001) who recorded that zinc deficiency has depressing effect on body growth, organ weights and hematological traits. Wang et al., (2004) who mentioned that betaine is highly effective in improving carcass quality. Also, Esteve-Garcia and Mack, (2000) reported that betaine does not replace methionine in its function as essential amino acid in protein metabolism, but may improve carcass yield.
Finely, betaine could enhance synthesis of carnitine by improving methylation metabolism and could stimulate beta-oxidation of long chain fatty acids in the inner mitochondria membrane of muscle cells (Wang, 2000) .
3-Blood hematology:
Results in Table 4 showed a significant (P≤0.05) increases in RBC s , WBCs , PCV% and lymphocytes in treated groups and significant (P≤0.05) decreases in neutrophils and eosynophils compared with control group. While, zinc showed significantly (P≤0.05) increasing lymphocytes and monocytes compared with control while, betaine recorded a decreases in neutrophils compared with zinc and control groups. Table 4 . Some blood hematological parameter (Mean ±S.E) of APRI line rabbits as affected by feeding basal diet supplemented with zinc and betaine
Means bearing different litter (a, b, c, d) superscripts in the same row differ significantly (P≤0.05). C = Control, R1 = Basal diet±100 mg zinc, R2 = Basal diet±160 mg betaine, R3 = Basal diet±320 mg, R4 = Basal diet±100 mg zinc+160 mg betaine, R5 = Basal diet±100 mg zinc+320 mg betaine/kg diet, IBW= Initial body weight, FBW= Final body weights, BWG= Body weights gain, FI= Feed intake, FCR= Feed conversion ratio. Results are in agreement with Okab and El-Banna, (2008) who showed that when the heat stress increased the reduction in RBCs, WBC s Count and PCV presenting the overall means of these parameters tended to decline during summer season. Ashour, (2001) found that hematological parameters were highest in winter retained during spring and were lowest in summer; this drop is responsive trail to reduce oxygen intake, thus reduction metabolic heat production under this hot condition. Younas et al., (2015) showed that zinc significantly improved the Tlymphocytes and hemoglobin in rabbits. El Hendy et al., (2001) recorded that the effects of different zinc levels on hematological parameters were significantly affected by zinc insufficiency included hemoglobin, PCV, RBCs and WBCs count and zinc deficiency has depressing effect on body growth, organ weights and heamatological traits.
4-Blood biochemical and oxidation:
Concerning blood analysis of growing male rabbits at 84 days, Table 5 showed a significant (P≤0.05) decreased in TP, ALB, GL and TAC in control group comparable with all treated groups under. Also, control group significantly increased in cholesterol and MAD.
Harmony with our results, Zainab and Al-Mousawi, (2013) reported that zinc significantly (P≤0.05) reduced the serum total cholesterol concentration, while there were significant changes (P≤0.05) on serum levels of total protein, albumin, globulin and albumin/globulin ratio. Duzguner and Kaya, (2007) concluded that daily zinc supplementation could reduce the harmful effects of oxidative (by reduce MAD) stress in diabetics patient. Ayyat et al., (2002) mentioned that the decline in serum protein with rising temperature seems to be due to a dilution of plasma proteins caused by the increase intake of water, and/or could be due to increases in protein utilization and amino acid transamination in the heat-stressed rabbits.
Exposure of rabbits to heat stress evokes a series of remarkable changes in their biological functions which ends with impairment of production (Marai and Rashwan, 2004) . Lu et al., (2008) found that the antioxidant capacity of betaine enabled to scavenge free radicals and protect cells from loss in rats.
5-Blood hormones:
Results presented in Table 6 revealed that all studied hormones were significantly (P≤0.05) decreased due to dietary zinc and betaine supplementation with the exception of triiodothyronine (T 3 ) when compared with control group. Table 5 . Some blood constituents (Mean± S.E) of APRI line rabbits as affected by feeding basal diet supplemented with zinc and betaine
Means bearing different litter (a, b, c, d) superscripts in the same row differ significantly (P≤0.05). C = Control, R1 = Basal diet±100 mg zinc, R2 = Basal diet±160 mg betaine, R3 = Basal diet±320 mg, R4 = Basal diet±100 mg zinc+160 mg betaine, R5 = Basal diet±100 mg zinc+320 mg betaine/kg diet, IBW= Initial body weight, FBW= Final body weights, BWG= Body weights gain, FI= Feed intake, FCR= Feed conversion ratio. TP = Total protein, GL =Globulin, ALB= Albumin, TAC =Total antioxidant capacity, MAD= Malonaldehyde.
Both the thyroid and adrenal gland are important for animals to regulate heat stress. Triiodothyronine and T 4 are the main substances secreted by the thyroid. Triiodothyronine is mainly transformed from T 4 . Although lower quantities of T 3 are produced compared to T 4 , its activity is stronger than T 4 . Triiodothyronine and T 4 levels in serum decline when animals are subject to heat stress. Lowered thyroid hormone levels reduce heat production, which helps the body to adapt to warmer environments (Horowitz, 2002) . Heat exposure significantly elevated the level of adrenocorticotrophic hormone (ACTH) and Cortical (Li-wang et al., 2015) . Agreement with our results, Lin et al., (2004) activity were significantly decreased. Baumgard and Rhoads, (2013) demonstrated a marked increase in corticosteroids in response to heat stress. Table 6 . Some blood hormones (Mean±S.E) of APRI line rabbits as affected by feeding basal diet supplemented with zinc and betaine
Means bearing different litter (a, b, c, d) superscripts in the same row differ significantly (P≤0.05). C = control, R1 = Basal diet±100 mg zinc, R2 = Basal diet±160 mg betaine, R3 = Basal diet±320 mg, R4 = Basal diet±100 mg zinc+160 mg betaine, R5 = Basal diet±100 mg zinc+320 mg betaine/kg diet, T 4 = Thyroxin, T 3 = Triiodothyronine, Cortico= Corticosteron.
Cortical and corticosterone are thus often used as biomarkers for stress and depressive disorders. Although corticosterone is considered the main glucocorticoid involved in regulation of stress responses in rodents, also, often choose to detect cortisol for stress indicators. Brandao-Neto et al., (1990) detected an acute inhibitory effect of zinc on cortisol secretion during 240 min. Azukizawa et al., (1976) mentioned that glucocorticoids inhibited the conversion of T 4 to T 3 , some of the T 3 decrement may have resulted from the suppression of TSH which is known to induce the thyroidal secretion of T 3 in preference to T 4 . Tollba et al., (2007) and Zou et al., (1998) reported that T 3 hormone concentration in serum was increased without significant effect due to dietary betaine supplementation under summer conditions.
6-Economic efficiency:
The prices of feed, costs of management and rabbit's meat during 2016 as listed in Table 7 . The economic efficiency values of C, R1, R2, R3, R4 and R5 were 1.23, 2.15, 2.08, 2.07, 1.79 and 1.56, respectively and relative efficiency (EE) was recorded for rabbits fed diet supplemented with zinc (R1) in summer season than the other treated groups, while control showed minimal group. In our present study supplementation of zinc to the basal diet of growing rabbits was highly significant in relative economic efficiency than betaine under heat stress. In the other hand, El-Husseiny et al., (2007) explained that the highest economic efficiency when diet contained the highest levels of betaine.
Ingredients and selling of male growing rabbits in the local market at the time of experiment (2016). Price of one kg pellets diet was 4.20 L.E. and kg of marketing live weight 35 L.E.
Conclusively, from these results it could be concluded that using fed supplemented with 100 mg zinc/kg feed for growing APRI rabbit could be recommended for realizing best results of growth performance, carcass characteristics and relative economic efficiency% during summer season. 
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